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in addition to a straight cylinder that served as reference. Amplitude and frequency responses are presented versus reduced velocity for a Reynolds number range between 750 and 15,000. Results for the curved cylinders with concave and convex configurations revealed significantly lower vibration amplitudes when compared to the typical VIV response of a straight cylinder. However, the concave cylinder showed relatively higher amplitudes than the convex cylinder which were sustained beyond the typical synchronisation region. We believe this distinct behaviour between the convex and the concave configurations is related to the wake interference taking place in the lower half of the curvature due to perturbations generated in the horizontal section when it is positioned upstream. Particle-image velocimetry (PIV) measurements of the separated flow along the cylinder highlight the effect of curvature on vortex formation and excitation revealing a complex fluid-structure interaction mechanism.
Introduction

1
Ongoing deep-sea exploration, installation and production of hydrocar-2 bon energy need the development of new viable technologies. One of these 3 is the requirement of a robust and reliable analysis tool for the prediction of 4 vortex-induced vibration (VIV) of marine structures exposed to ocean cur-5 rents. Because VIV can cause high cyclic-loading fatigue damage of struc-6 tures, it is now widely accepted to be a crucial factor that should be taken 7 into account in the preliminary analysis and design. However, many in-8 sightful VIV aspects are still unknown and far from fully understood; these 9 render the structural design quite conservative with the use of a large factor 10 of safety. For offshore structures with initial curvatures and high flexibil-11 ity such as catenary risers, mooring cables and free-spanning pipelines, the 12 theoretical, numerical or experimental VIV research is still very lacking.
13
Risers are very long pipes used to carry oil from the sea bed to offshore (Srinil, 2010) . In addition to that, flexible risers can be laid 29 out in a catenary configuration which results in high curvature close to the 30 region where it touches the bottom of the ocean, called the touchdown point.
31
In an attempt to understand and model the fluid-dynamic behaviour to the water line. The water level was set to 700mm from the floor of the 68 channel, which meant that the 10D-long horizontal part of the cylinder was 69 not close enough to the floor to suffer interference from the wall.
70
The model was connected by its upper end to a long pendulum rig (length 71 H = 3.0m) that allowed the system to oscillate in two degrees of freedom will not be discussed in this paper.) A particle-image velocimetry (PIV) 85 system was employed to analyse the instantaneous wake patterns along the 86 cylinder span.
87
Regarding the flow direction, two orientations were investigated: a con- 
215
We shall discuss this point later while analysing the PIV flow fields.
216
In the streamwise direction the responses of the curved cylinders are dif- we should expect broader frequency spectra dominating over the response.
238
One might remember that the straight and curved cylinder should have PIV measurements were also performed on three horizontal planes (marked 264 H1, H2 and H3 in Figure 1 across the cylinder diameter.
265
All PIV measurements were taken for Re = 1000 in the sub-critical
266
Reynolds number regime found for a straight circular cylinder. According
267
to Williamson (1996) , the particular flow is in the shear-layer transition 
287
All PIV measurements were performed for a static cylinder at Re ≈ 1000.
288
Of course the wake pattern for the static cylinder is expected to be different In Figure 13 
378
Results for the convex configuration in Figure 14 were obtained in the 379 same way as the concave, the only difference being that the cameras were 380 installed above the channel, viewing from the top through the free surface. 
465
Of course all four mechanisms suggested above may also be occurring 466 simultaneously or it may not even be possible to explain them separately.
467
In addition, they might as well be very dependent on Reynolds number and 468 amplitude of vibration. 
